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(54) ROTARY ANALYSIS SYSTEM

(57) The present invention is for solving a problem,
and the purpose of the present invention is to provide an
analysis system capable of using an expensive commer-
cial DNPH cartridge, replacing an HPLC that is compli-
cated to operate, and separating and detecting alde-
hydes or ketones in a more economical and simpler man-
ner. A rotary analysis system of the present invention
comprises: a rotary unit including a rotary platform, and
having a TLC plate on which the rotary motion of the
rotary platform causes the movement of a fluid sample
and an eluent to be controlled on the rotary platform and
on which the aldehydes or ketones of the sample are
separately developed with the eluent; a photographing
unit for photographing the components of the sample
separated by the rotary unit; a control unit for controlling
the rotation conditions of the rotary unit and the photo-
graphing conditions of the photographing unit; and an
analysis unit for analyzing an image captured by the pho-
tographing unit.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority
based on Korean Patent Application No.
10-2019-0045792 filed on April 19, 2019, and all contents
disclosed in the patent document are included as a part
of this specification.

FIELD

[0002] The present invention relates to a rotary analy-
sis system, and more particularly, to a rotary analysis
system that can automate the entire process consisting
of movement, chemical reaction and separation of a mi-
crofluid on a rotary platform, and perform an image-
based analysis.

BACKGROUND

[0003] A carbonyl compound such as an aldehyde and
a ketone is widely used in various fields because of its
sterilization and strong reduction action, but is known as
a harmful substance which is highly toxic and carcino-
genic in humans and animals. Therefore, regulation on
the carbonyl compound has been strengthened, and
thus, it is required to establish a method for detecting and
analyzing the harmful carbonyl compound.
[0004] Meanwhile, since the carbonyl compound does
not have a chromophore, it cannot be detected with a UV
detector. Accordingly, a method mainly used comprises
reacting the carbonyl compound of a low molecular
weight such as the aldehyde and the ketone which is
present in air and water with 2,4-dinitrophenylhydrazine
(DNPH) to produce a hydrazone derivative, and then de-
tecting the derivatized compound with a high-perform-
ance liquid chromatography (HPLC) (see JP
2010-008311A).
[0005] This HPLC method is a representative method
for measuring the carbonyl compound, and has the ad-
vantage of high sensitivity and selective detection. How-
ever, there is a problem in that an expensive commercial
DNPH cartridge must be used for derivatization and the
operation is complicated.
[0006] The Use of a thin layer chromatography (TLC)
other than the HPLC causes a problem that a eluent is
not uniformly deployed on the TLC because the eluent
has to be deployed on the TLC only with a capillary force.
In addition, there is a problem in that separation is not
easily performed due to a change in a deployment speed
by vaporization of the eluent.
[0007] Further, since the conventional HPLC or TLC
method only allows separation of a mixed sample, a sep-
arate device for preprocessing a sample so as to convert
the sample into a form suitable for its separation and
analysis is required.

SUMMARY

TECHNICAL CHALLENGES

[0008] The present invention is to solve the above
problems, and a purpose of the present invention is to
provide an analysis system for separating and detecting
aldehydes or ketones in a more economical and simple
manner capable of replacing a HPLC that uses an ex-
pensive commercial DNPH cartridge and is operated
complicatedly.

TECHNICAL SOLUTIONS

[0009] A rotary analysis system of the present inven-
tion comprises: a rotating unit including a rotary platform,
and having a TLC plate on which movement of a fluid
sample and an eluent is controlled on the rotary platform
by rotational motion of the rotary platform, and aldehydes
or ketones of the sample are separated and deployed
with the eluent; a shooting unit for capturing an image of
components of the sample separated in the rotating unit;
a control unit for controlling rotation condition of the ro-
tating unit and capturing condition of the shooting unit;
and an analysis unit for analyzing the image captured by
the shooting unit.

ADVANTAGEOUS EFFECTS

[0010] According to the present invention, it is possible
to provide a compact rotary analysis system that can be
conveniently applied in the field while being capable of
separating and detecting color-based aldehydes or ke-
tones economically and inexpensively, compared to the
expensive HPLC which is the conventional equipment
for analyzing the aldehydes or the ketones.
[0011] In particular, the analysis system of the present
invention can automate the entire process consisting of
movement, chemical reaction and separation of a micro-
fluid by mounting a TLC plate on a rotary platform and
then controlling rotation of the rotary platform through a
control unit.
[0012] Further, according to the analysis system of the
present invention, all of the rotation steps can be pro-
grammed, and a mixing effect of the fluid can be en-
hanced by controlling a rotational direction of the rotary
platform.
[0013] Further, according to the analysis system of the
present invention, both organic and inorganic materials
can be analyzed by modifying a microfluidic structure pro-
vided on the rotary platform, and all the processes con-
sisting of pretreatment, reaction, separation and detec-
tion of the sample can be carried out sequentially.
[0014] Further, after all the experimental processes
performed in the rotary analysis system of the present
invention are terminated, an image-based analysis may
be performed with a captured image by capturing the
TLC plate of the rotary platform through a camera portion.
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A HSV algorithm transformation enables colorimetric
analysis of images for sections of the TLC plate on the
rotary platform. A plotting may be performed by extracting
an element of a specific color, and qualitative and quan-
titative analysis of specific components may be per-
formed through a partial integration process.
[0015] Further, in the device for detecting the alde-
hydes or the ketones according to the present invention,
when a eluent is deployed on the TLC, a capillary force
as well as a centrifugal force acts as a propulsive force
of the eluent, so that a solvent can be deployed on the
TLC uniformly.
[0016] Further, in the device for detecting the alde-
hydes or the ketones according to the present invention,
a derivatization reaction process for converting the alde-
hydes or the ketones into the form that can be analyzed
on the TLC, and a separation process for separating the
derivatized compound on the TLC can be performed in
one device integrally. That is, the device for detecting the
aldehydes or the ketones according to the present inven-
tion may be the rotary micro device that can integrate the
derivatization of the aldehydes or the ketones and the
TLC separation.
[0017] Further, a plurality of microfluidic structures pro-
vided in the analysis system of the present invention in-
clude a sample storage unit capable of derivatizing the
aldehyde or ketone samples and a separation unit, re-
spectively, so that the derivatization and the separation
of the aldehydes or the ketones can be performed inte-
grally, and derivative materials of the aldehydes or the
ketones separated from the separation unit can be qual-
itatively or quantitatively analyzed through an image
analysis.
[0018] Further, the present invention has an advan-
tage that a plurality of samples containing the aldehydes
or the ketones can be separated and detected simply
and quickly at the same time.
[0019] Further, in the analysis system of the present
invention, the eluent can be moved at a constant speed
as the eluent is first absorbed to a absorption pad pro-
vided in the separation unit and then discharged. That
is, the absorption pad provided in the separation unit can
allow the sample to be stably separated in the separation
unit by preventing diffusion due to the wettability of the
eluent, which is caused when the eluent is injected into
the separation unit in the moving phase by a rotating
force, and by moving the eluent at a constant speed.
[0020] Further, the analysis system of the present in-
vention can control a moving speed of the solvent onto
the TCL by adjusting a strength of the rotating force, and
can improve a resolution of the TLC by drying the solvent
remaining on the TLC by rotation after the sample is sep-
arated once and repeating inflow of the eluent and the
TLC separation by applying the rotating force again.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a block diagram showing a rotary analysis
system of the present invention.

FIG. 2 is a plan view showing a rotating unit.

FIG. 3 shows a microfluidic structure in the rotating
unit of FIG. 2.

FIGS. 4a to 4d show each layer of a rotary platform
including a microfluidic structure.

FIG. 5 is a block diagram showing a rotating unit and
a control unit.

FIG.6 is a block diagram showing a shooting unit and
a control unit.

FIG. 7 is a block diagram showing an analysis unit.

FIG. 8 is photographs showing the experimental re-
sults according to a rotary analysis system of the
present invention.

FIG. 9 is a graph showing a change in a rotation
speed over time in a rotary platform.

FIG. 10 is photographs showing a process of con-
verting an image with an image conversion unit of
an analysis unit.

FIG. 11 is a perspective view showing an appear-
ance of a rotary analysis system of the present in-
vention.

FIG. 12 is a perspective view showing the inside of
the rotary analysis system of the present invention.

DETAILED DESCRIPTION

[0022] A rotary analysis system of the present inven-
tion may comprise: a rotating unit including a rotary plat-
form, and having a TLC plate on which movement of a
fluid sample and an eluent is controlled on the rotary plat-
form by rotational motion of the rotary platform, and al-
dehydes or ketones of the sample are separated and
deployed with the eluent; a shooting unit for capturing an
image of components of the sample separated in the ro-
tating unit; a control unit for controlling rotation condition
of the rotating unit and capturing condition of the shooting
unit; and an analysis unit for analyzing the image cap-
tured by the shooting unit.
[0023] In the rotary analysis system of the present in-
vention, the rotating unit may comprise the rotary plat-
form of a disk shape; and a microfluidic structure dis-
posed on the rotary platform,
wherein the microfluidic structure includes a sample stor-
age unit into which the fluid sample containing the alde-
hydes or the ketones is injected to derivatize the alde-
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hydes or the ketones; an eluent storage unit into which
the eluent is injected; a separation unit having the TLC
plate that receives the sample and the eluent from the
sample storage unit and the eluent storage unit, and sep-
arates and deploys the aldehydes or the ketones of the
sample with the eluent; a first microfluidic channel (si-
phon channel) that is a passage through which the sam-
ple moves to the separation unit, and connects the sam-
ple storage unit and the separation unit; a second micro-
fluidic channel that is a passage through which the eluent
moves to the separation unit, and connects the eluent
storage unit and the separation unit; and an absorption
pad that receives the eluent from the eluent storage unit
and discharges it to the TLC plate.
[0024] In the rotary analysis system of the present in-
vention, the separation unit includes a sample introduc-
tion portion for receiving the sample from the sample stor-
age unit, an eluent introduction portion for receiving the
eluent from the eluent storage unit, and a deployment
portion in which the aldehydes or the ketones of the sam-
ple are separated and deployed with the eluent, and the
absorption pad may be provided in the eluent introduction
portion.
[0025] In the rotary analysis system of the present in-
vention, the center of rotation having a rotational axis of
the rotary platform therein is the center of the rotary plat-
form; a longitudinal direction of the separation unit is a
radial direction of the rotary platform; and the deployment
portion, the sample introduction portion, and the eluent
introduction portion may be disposed in the order of the
eluent introduction portion, the sample introduction por-
tion, and the deployment portion or in the order of the
deployment portion, the sample introduction portion, and
the eluent introduction portion, from the center of rotation
in the longitudinal direction of the separation unit.
[0026] In the rotary analysis system of the present in-
vention, the rotary platform rotates in a direction perpen-
dicular to a surface of the rotary platform as a direction
of the rotational axis. In the separation unit, the TLC plate
on which the eluent is deployed by a capillary force is
disposed across the deployment portion and the eluent
introduction portion such that a longitudinal direction of
the TLC plate becomes a direction of a centrifugal force
generated by rotation. The eluent is discharged from the
eluent introduction portion to the deployment portion, and
the eluent in the deployment portion may be propelled
by a combined force of the capillary force and the cen-
trifugal force.
[0027] In the rotary analysis system of the present in-
vention, the aldehydes or the ketones that may be con-
tained in the sample may include at least one selected
from the group consisting of acetaldehyde, acetone, ac-
rolein, benzaldehyde, butyraldehyde, formaldehyde, and
propionaldehyde.
[0028] In the rotary analysis system of the present in-
vention, the inside of the sample storage unit may be
filled with 2,4-dinitrophenylhydrazine-coated silica (2, 4-
DNPH-coated silica) in the form of beads.

[0029] In the rotary analysis system of the present in-
vention, the microfluidic structure may beprovided in plu-
rality, and the plurality of microfluidic structures may ac-
commodate different fluid samples from each other, re-
spectively, and be disposed radially symmetrically on the
rotary platform.
[0030] In the rotary analysis system of the present in-
vention, the first microfluidic channel and the second mi-
crofluidic channel includes a bent portion, respectively,
and the number of the bent portions of the second mi-
crofluidic channel may be more than the number of the
bent portions of the first microfluidic channel.
[0031] In the rotary analysis system of the present in-
vention, the microfluidic structure further includes a
waste channel for isolating a part of the sample moving
from the sample storage unit to the separation unit, and
the waste channel may be a channel branched from the
first microfluidic channel.
[0032] In the rotary analysis system of the present in-
vention, the rotating unit may include a driving portion for
providing a rotating force to the rotary platform and an
encoder for measuring one or more values of a rotation
angle, a number of rotations, and a rotation direction of
the driving portion, and the control unit may include an
input portion for receiving a condition value of rotation
and a rotation control portion for controlling the driving
portion based on the measured value of the encoder or
the condition value of rotation input to the input portion.
[0033] In the rotary analysis system of the present in-
vention, the condition value of rotation may include one
or more values of rotation speed, rotation direction, ro-
tation time, rotation sequence, and shake value.
[0034] In the rotary analysis system of the present in-
vention, the shooting unit may include an illumination por-
tion for irradiating light to the rotary platform and a camera
portion for capturing the image in the rotary platform, and
the control unit may include an input portion for inputting
a capturing condition of the shooting unit and a shooting
control portion for controlling the illumination portion or
the camera portion based on the capturing condition.
[0035] In the rotary analysis system of the present in-
vention, the capturing condition may include one or more
of amplification, exposure, and capturing area values.
[0036] In the rotary analysis system of the present in-
vention, the analysis unit may include an image conver-
sion unit for converting the image captured by the shoot-
ing unit to a converted image and a chromatogram gen-
eration unit for generating a chromatogram from the im-
age converted by the image conversion unit.
[0037] In the rotary analysis system of the present in-
vention, the image conversion unit may adjust one or
more of hue, saturation, and brightness of the captured
image in order to differentiate differences in an expres-
sion color.
[0038] In the rotary analysis system of the present in-
vention, the image conversion unit may convert the cap-
tured image into the converted image through HSV
(Hue/Saturation/Value) conversion.
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[0039] In the rotary analysis system of the present in-
vention, the image conversion unit may convert the cap-
tured image into the converted image through RGB (Red-
Green-Blue) conversion.
[0040] In the rotary analysis system of the present in-
vention, the chromatogram generation unit may calculate
one or more of a type of sample components, a content
of each component, and a retention factor value of each
component.
[0041] The rotary analysis system of the present in-
vention may further comprise a housing for accommo-
dating the rotating unit and the shooting unit therein,
wherein a material of the housing includes polyurethane.
[0042] In the rotary analysis system of the present in-
vention, the housing may have a width of 20 cm to 60
cm, a length of 20 cm to 60 cm, and a height of 30 cm to
90 cm.

BEST MODE

[0043] Hereinafter, a rotary analysis system of the
present invention will be described in detail. The accom-
panying drawings illustrate exemplary forms of the
present invention, which are provided to describe the
present invention in more detail and are not intended to
limit the technical scope of the present invention.
[0044] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. The terms or words
used in the specification and claims should not be con-
strued to be limited to the ordinary or dictionary mean-
ings, and should be interpreted as meanings and con-
cepts consistent with the technical idea of the present
invention, based on the principle that the inventor can
properly define concepts of the terms in order to best
explain his/her own invention.
[0045] Throughout the specification, in case it is de-
scribed that a certain portion is "connected" to other por-
tion, this means not only that the portion is "directly con-
nected" to the other portion, but also that another member
is interposed therebetween and is "electrically connect-
ed" to each other.
[0046] Throughout the specification, in case it is de-
scribed that a certain portion "comprises" or "includes" a
certain constitutive element, this means that the portion
may further comprise or include other constitutive ele-
ment without excluding it, unless otherwise stated. In ad-
dition, the terms such as "... unit", "... portion", "... group",
and "module" described in the specification refer to a unit
that processes at least one function or operation.
[0047] Further, regardless of the reference numerals,
the same or corresponding constitutive elements will be
given the same reference numerals and redundant de-
scription thereof will be omitted, and, for convenience of
description, sizes and shapes of each constitutive mem-
ber shown may be exaggerated or reduced.
[0048] As shown in FIF. 1, a rotary analysis system of
the present invention may comprise: a rotating unit 1000

including a rotary platform, and controlling movement of
a fluid sample and an eluent on the rotary platform 1200
by rotational motion of the rotary platform; a shooting unit
2000 for capturing components of the sample separated
from the rotating unit 1000; a control unit 3000 for con-
trolling rotation condition of the rotating unit 1000 and
capturing condition of the shooting unit 2000; and an
analysis unit 4000 for analyzing the image captured by
the shooting unit 2000.
[0049] FIG. 2 shows a rotating unit 1000 according to
an embodiment of the invention, and FIG. 3 shows a mi-
crofluidic structure 1100 in the rotating unit of FIG. 2.
[0050] First, referring to FIG. 2, the rotating unit 1000
includes the rotary platform 1200 and the microfluidic
structure 1100 provided in the rotary platform 1200. The
rotary platform 1200 may be, for example, a circular disk,
and a size thereof may be, for example, 14 cm to 17 cm
in diameter.
[0051] The rotary platform 1200 includes the microflu-
idic structure 1100. The rotary platform 1200 may include
one microfluidic structure 1100 or a plurality of microflu-
idic structures 1100. The plurality of microfluidic struc-
tures 1100 are radially symmetrically located relative to
the center of rotation on the rotary platform 1200. The
center of rotation may be located at the center of the
rotary platform 1200, and may be a position of a rotational
axis on which the rotary platform 1200 rotates. For ex-
ample, FIG. 2 shows that three microfluidic structures
1100 are disposed on the rotary platform 1200. Depend-
ing on various environments in which the present inven-
tion is implemented, for example, the sizes of the rotary
platform 1200 and the plurality of microfluidic structures
1100, they may be disposed in three, four, five, six, or
more numbers.
[0052] The plurality of microfluidic structures 1100 in
the rotating unit 1000 include a sample storage unit 1150
capable of derivatizing the aldehyde or ketone sample,
and a separation unit 1120, respectively, and the deriv-
ative material of the aldehydes or the ketones separated
from the separation unit 1120 may be qualitatively or
quantitatively analyzed through an image analysis.
[0053] Referring to FIG. 3, the microfluidic structure
1100 may include a sample storage unit 1150 into which
a fluid sample containing the aldehydes or the ketones
is injected to derivatize the aldehydes or the ketones, an
eluent storage unit 1130 into which an eluent is injected,
a separation unit 1120 having a TLC plate that receives
the sample and the eluent from the sample storage unit
1150 and the eluent storage unit 1130, and separates
and deploys the aldehydes or the ketones of the sample
with the eluent, a first microfluidic channel (siphon chan-
nel) 1110 that is a passage through which the sample
moves to the separation unit 1120, and connects the
sample storage unit 1150 and the separation unit 1120,
a second microfluidic channel 1140 that is a passage
through which the eluent moves to the separation unit
1120, and connects the eluent storage unit 1130 and the
separation unit 1120, and an absorption pad that receives
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the eluent from the eluent storage unit 1130 and discharg-
es it to the TLC plate.
[0054] The microfluidic structure 1100 may receive the
fluid sample containing a plurality of types of aldehydes
or ketones, and separate and detect them. The alde-
hydes or the ketones that may be contained in the fluid
sample may include, for example, at least one selected
from the group consisting of acetaldehyde, acetone, ac-
rolein, benzaldehyde, butyraldehyde, formaldehyde, and
propionaldehyde.
[0055] The sample storage unit 1150 includes an inlet
1150a having a space that can accommodate the fluid
sample containing the aldehydes or the ketones and in-
jecting the fluid sample through the space. The inside of
the sample storage unit 1150 may be filled with 2,4-
DNPH-coated silica in the form of beads. The aldehydes
or the ketones do not have a chromophore, and thus,
they are first derivatized with the DNPH in the sample
storage unit 1150 before the fluid sample containing the
aldehydes or the ketones moves to the separation unit
1120.
[0056] The sample storage unit 1150 and the separa-
tion unit 1120 may be connected to the first microfluidic
channel 1110. In addition, the sample storage unit 1150
may include a blocking portion (not shown), and the
blocking portion serves to confine the sample to an in-
ternal space of the sample storage unit 1150 using steps
of the channel so as to prevent the sample from flowing
into the first microfluidic channel 1110 directly when the
sample is injected through the inlet 1150a. The blocking
portion (not shown) is provided with an opening part
through which the sample can move from the inlet 1150a
to an rear end part of the sample storage unit 1150. The
sample moves from the inlet 1150a to the rear end part
of the sample storage unit 1150 by rotation of the rotary
platform 1200. In the sample storage units 1150, the rear
end part of the sample storage unit 1150, that is, the
vicinity of the place where the sample storage unit 1150
and the first microfluidic channel 1110 are connected,
has, for example, a streamlined shape, so that when the
fluid sample injected into the sample storage unit 1150
moves to the first microfluidic channel 1110, the structural
interference is minimized to allow the fluid sample inject-
ed into the sample storage unit 1150 to move to the first
microfluidic channel 1110 without any residual amount.
[0057] The eluent storage unit 1130 includes an inlet
1130a having a space that can accommodate the eluent
and injecting the eluent into the space. The eluent storage
unit 1130 and the separation unit 1120 may be connected
to a second microfluidic channel 1140. In addition, the
eluent storage unit 1130 may include a blocking portion
(not shown), and the blocking portion serves to confine
the sample to an internal space of the eluent storage unit
1130 using the steps of the channel so as to prevent the
sample from flowing into the second microfluidic channel
1140 directly when the sample is injected through the
inlet 1130a. The blocking portion (not shown) is provided
with an opening part through which the eluent can move

from the inlet 1130a to an rear end part of the eluent
storage unit 100. The eluent moves from the inlet 1130a
to the rear end part of the eluent storage unit 1130 by
rotation of the rotary platform 1200. In the eluent storage
units 1130, the rear end part of the eluent storage unit
1130, that is, the vicinity of the place where the eluent
storage unit 1130 and the second microfluidic channel
1140 are connected, has, for example, a streamlined
shape, so that when the fluid sample injected into the
eluent storage unit 1130 moves to the second microfluidic
channel 1140, the structural interference is minimized to
allow the fluid sample injected into the eluent storage unit
1130 to move to the second microfluidic channel 1140
without any residual amount.
[0058] The aldehydes or the ketones of the sample are
separated and deployed in the separation unit 1120, and
the separation unit 1120 may be provided with the ab-
sorption pad and the TLC plate.
[0059] The separation unit 1120 may include a sample
introduction portion 1123 for receiving the sample from
the sample storage unit 1150, an eluent introduction por-
tion 1121 for receiving the eluent from the eluent storage
unit 1130, and a deployment portion 1125 for separating
and deploying the aldehydes or the ketones of the sample
with the eluent.
[0060] The separation unit 1120 may be formed on the
rotary platform 1200 such that a longitudinal direction of
the separation unit 1120 becomes a radial direction of
the rotary platform 1200. The center of rotation of the
rotary platform 1200 may be the center of the rotary plat-
form 1200. Therefore, when the rotary platform 1200 ro-
tates, a centrifugal force can act on the eluent in the sep-
aration unit 1120 in a movement direction of the eluent.
Specifically, the deployment portion 1125 may be formed
at a position farther from the center of rotation than the
sample introduction portion 1123 and the eluent intro-
duction portion 1121. More specifically, the eluent intro-
duction portion 1121, the sample introduction portion
1123, and the deployment portion 1125 may be disposed
in this order, wherein the eluent introduction portion 1121
is disposed closest to the center of rotation and the de-
ployment portion 1125 is disposed farthest from the cent-
er of rotation.
[0061] The rotary platform may rotate in a direction per-
pendicular to a surface of the rotary platform as a direc-
tion of the rotational axis. In the separation unit 1120, the
TLC plate on which the eluent is deployed by a capillary
force may be disposed across the deployment portion
1125 and the eluent introduction portion 1121 such that
a longitudinal direction of the TLC plate becomes a di-
rection of a centrifugal force generated by rotation.
[0062] Accordingly, when the eluent is discharged from
the eluent introduction portion 1121 to the deployment
portion 1125, the eluent in the deployment portion 1125
may be propelled by a combined force of the capillary
force and the centrifugal force. In addition, a strength of
the centrifugal force can be controlled by adjusting a ro-
tation speed, and thus, the propulsive force of the eluent
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can also be controlled by adjusting the rotation speed.
Therefore, in the device for detecting the aldehydes or
the ketones according to the present invention, when the
eluent is deployed on the TLC plate, the capillary force
as well as the centrifugal force acts as the propulsive
force of the eluent, so that the solvent can be deployed
even on the TLC plate uniformly and occurrence of a
change in the deployment speed can be prevented by
volatilization of the eluent. Specifically, If the fluid is de-
ployed on the TLC plate only by the capillary force, the
fluid may volatilize, which makes uniform control of the
fluid on the TLC plate difficult. However, in the micro de-
vice for detecting the aldehydes or the ketones according
to the present invention, the centrifugal force acts togeth-
er with the capillary force to prevent the deployment error
on the TLC plate due to volatilization of the fluid.
[0063] The TLC plate may be disposed across the de-
ployment portion 1125, the sample introduction portion
1123, and the eluent introduction portion 1121. The ab-
sorption pad is provided at the eluent introduction portion
1121 and may be disposed in an overlapped state with
the TLC plate. The absorption pad accommodated in the
eluent introduction portion 1121 may absorb the eluent
received from the eluent storage unit 1130 and discharge
it on the TLC plate uniformly.
[0064] The eluent transferred to the eluent introduction
portion 1121 is absorbed to the absorption pad accom-
modated inside the eluent introduction portion 1121, and
the eluent absorbed to the absorption pad can be moved
to the separation unit 1120 uniformly. That is, the eluent
moved from the eluent storage unit 1130 to the eluent
introduction portion 1121 can be absorbed by the absorp-
tion pad, and then discharged to the deployment portion
1125 after passing through the sample introduction por-
tion 1123 in an uniform amount and at a constant speed.
[0065] As such, in the rotating unit 1000 of the present
invention, since the eluent is first absorbed to the absorp-
tion pad and then transferred to the separation unit 1120,
the eluent can be discharged to the separation unit 1120
at the constant speed. That is, the absorption pad can
prevent diffusion due to a wettability of the eluent gener-
ated when the eluent is injected into the separation unit
1120 by a rotating force, and deploy the eluent on the
separation unit 1120 uniformly.
[0066] The absorption pad may be made of a porous
adsorbent material, for example, a material of the ab-
sorption pad may include a fiber with -OH group similar
to the chemical structure of a cellulose. Specifically, the
absorption pad may be made of a cellulose fiber, a gelatin
fiber, a starch fiber, or a mixture of two or more thereof.
[0067] Further, the absorption pad is provided at one
end of the TLC plate, and an area of the absorption pad
can be appropriately selected depending on an area of
the TLC plate. For example, the area may occupy a range
of 5 to 10 % in an area of the separation unit 1120. As
an example, in case the separation unit 1120 has the
area of 5 cm 3 1 cm, the length 3 width 3 height of the
absorption pad provided at one end of the separation unit

1120 may be 0.5 cm 3 1 cm 3 0.14 cm. That is, in case
the TLC plate has a length of 5 cm and a width of 1 cm,
the absorption pad may be formed with a length of 0.5
cm and a width of 1 cm, which is 10% of the area of the
TLC plate. The width of the absorption pad may be great-
er than or equal to that of the TLC plate. By forming the
width of the absorption pad to be greater than or equal
to that of the TLC plate, the eluent is first adsorbed to the
absorption pad, and then discharged to the deployment
portion uniformly.
[0068] That is, the device for detecting the aldehydes
or the ketones according to the present invention can
adjust a distributing action between the sample, the fixed
phase, and the eluent and improve a resolution by con-
trolling a discharging amount and speed of the eluent
through the centrifugal force and the absorption pad.
[0069] The TLC plate provided to the separation unit
1120 may be coated with a material that can react with
the aldehydes or the ketones of the fluid sample, so that
the fluid sample can be deployed. The separation unit
1120 is provided, for example, with an RP-18 F254s TLC
plate, and the TLC plate may be the one that a material
having a C18 group bonded to a silica is coated on an
aluminum support to a thickness of 0.2 mm. The TLC
plate is coated with F254s that can detect fluorescence,
and may use water up to 40 %. The size of the TLC plate
may be 4.5 cm to 5 cm in a length and 0.5 cm to 2 cm in
a width. The length of the separation unit 1120 may pref-
erably be shorter than two-thirds of the radius of the rotary
platform 1200. This TLC plate may be applied to the sam-
ple of 0.5 mL to 10 mL. The TLC plate is disposed on the
separation unit 1120, and a longitudinal direction of the
TLC plate may also be disposed to be a radial direction
of the rotary platform 1200.
[0070] One end of the first microfluidic channel 1110
may be connected to the sample storage unit 1150, and
the other end of the first microfluidic channel 1110 may
be connected to the sample introduction portion 1123.
One end of the second microfluidic channel 1140 may
be connected to the eluent storage unit 1130, and the
other end of the second microfluidic channel 1140 may
be connected to the eluent introduction portion 1121.
[0071] The other end of the first microfluidic channel
1110 may be connected to the sample introduction por-
tion 1123 of the separation unit 1120. The other end of
the first microfluidic channel 1110 may be located in the
sample introduction portion 1123 near the eluent intro-
duction portion 1121 such that the sample can be pro-
vided from the first microfluidic channel 1110 to the sam-
ple introduction portion 1123 and deployed on the de-
ployment portion 1125 by the eluent provided in the elu-
ent introduction portion 1121.
[0072] The other end of the second microfluidic chan-
nel 1140 is connected to the eluent introduction portion
1121 of the separation unit 1120. The eluent is provided
from the second microfluidic channel 1140 to the eluent
introduction portion 1121, and the eluent provided to the
eluent introduction portion 1121 may move to the deploy-
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ment portion 1125 through the sample introduction por-
tion 1123. Therefore, the aldehydes or the ketones of the
sample in the sample introduction portion 1123 may be
deployed on the TLC plate by the eluent.
[0073] The first microfluidic channel 1110 and the sec-
ond microfluidic channel 1140 may include a bent portion
1170, respectively. The bent portion 1170 may include,
for example, a tubular part of a "U" shape. The bent por-
tion 1170 may delay movement of the fluid in the micro-
fluidic channels. The number of bent portions 1170 of the
second microfluidic channel 1140 may be more than the
number of bent portions 1170 of the first microfluidic
channel 1110. This is because the sample must be first
introduced into the separation unit 1120 through the first
microfluidic channel 1110, and then be subsequently in-
troduced into the separation unit 1120 through the sec-
ond microfluidic channel 1140.
[0074] The microfluidic structure 1100 may include a
first vent hole 1151 and a second vent hole 1153 through
which an external gas is injected into the separation unit
1120 or a gas inside the separation unit 1120 is dis-
charged to an exterior, a first air circulation channel 1161
which is a passage through which the gas moves be-
tween the first vent hole 1151 and the separation unit
1120, and a second air circulation channel 1163 which
is a passage through which the gas moves between the
second vent hole 1153 and the separation unit 1120. The
first air circulation channel 1161 may be connected to
one end of the separation unit 1120, and the second air
circulation channel 1163 may be connected to the other
end of the separation unit 1120. Specifically, a connec-
tion point between the first air circulation channel 1161
and the separation unit 1120 is referred to as a first con-
nection point, and a connection point between the second
air circulation channel 1163 and the separation unit 1120
is referred to as a second connection point. In this case,
the first connection point may be closer to the center of
rotation than the deployment portion 1125, and the sec-
ond connection point may be farther from the center of
rotation than the deployment portion 1125. That is, the
deployment portion 1125 may be formed between the
first connection point and the second connection point
on a virtual line formed by the radial direction of the rotary
platform 1200.
[0075] The first air circulation channel 1161 plays a
role to prevent the formation of bubbles due to a pressure
in the first microfluidic channel 1110 or the second mi-
crofluidic channel 1140 and move the sample smoothly,
by discharging the air trapped in the first microfluidic
channel 1110 or the second microfluidic channel 1140
when the sample is injected into the separation unit 1120
by the rotating force.
[0076] Further, the second air circulation channel 1163
serves to prevent a pressure rise and a moisture con-
densation inside the separation unit 1120 by discharging
the air inside the separation unit 1120 through the second
vent hole 1153 when the separation process is performed
by the rotating force.

[0077] Accordingly, the air introduced into the first vent
hole 1151 moves to the separation unit 1120 through the
first air circulation channel 1161, and may be discharged
to the second vent hole 1153 through the second air cir-
culation channel 1163 via the separation unit 1120. By
introducing the first air circulation channel 1161 and the
second air circulation channel 13, an evaporation rate of
the fluid sample and the eluent in the separation unit 1120
can be increased while preventing the moisture conden-
sation in the separation unit 1120. A backflow of the sam-
ple and the eluent to the first air circulation channel 1161
and the second air circulation channel 1163 can be pre-
vented by drilling holes having a thickness of about 1 mm
and a diameter of about 0.8 mm in the first air circulation
channel 1161 and the second air circulation channel
1163 to form a capillary valve caused by an air pressure.
[0078] FIGS. 4a to 4d show each layer of a rotary plat-
form 1200 comprising the microfluidic structure 1100 of
FIG. 2. As shown in FIG. 4a, the rotary platform 1200
comprising the microfluidic structure 1100 can be largely
composed of three layers, an upper layer portion (FIG.
4b), a middle layer portion (FIG. 4c), and a lower layer
portion (FIG. 4d). Each constitutive element except for
the separation unit 1120 of the microfluidic structure 1100
may be made through a patterning process using a micro
milling.
[0079] First, referring to FIGS. 4a to 4c, a first part
1110a of the first microfluidic channel 1110 is disposed
on the middle layer portion, and the first part 1110a in-
cludes a portion connected to the sample storage unit
1150 and a bent portion 1170. A second part 1110b of
the first microfluidic channel 1110 is disposed on the up-
per layer portion, and the second part 1110b includes a
portion connected to the separation unit 1120. According
to such an arrangement, the sample is accommodated
into the first part 1110a of the first microfluidic channel
1110 from the sample storage unit 1150 disposed on the
middle layer portion, and then the sample falls from the
top to the downward direction of the separation unit 1120,
that is, onto the separation unit 1120, when the sample
is supplied from the first microfluidic channel 1110 to the
separation unit 1120. Therefore, the sample can be de-
ployed on the separation unit 1120 more uniformly. If the
first microfluidic channel 1110 is connected to a side sur-
face of the separation unit 1120 to inject the sample, the
sample may not be formed as a spot in the injected sec-
tion, which may cause an error in interpreting the analysis
results. In the micro device for detecting the aldehydes
or the ketones according to the present invention, the
second part 1110b connected to the separation unit 1120
of the first microfluidic channel 1110 is formed on a layer
having a different height from the separation unit 1120
in the rotary platform 1200, so that the sample can be
injected to the center of the separation unit 1120 from
the width direction of the separation unit 1120 rather than
the side surface of the separation unit 1120.
[0080] The microfluidic structure 1100 may include a
waste channel 1111 that isolates a part of the sample
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moving from the sample storage unit 1150 to the sepa-
ration unit 1120. The waste channel 1111 may be a flow
path that is branched from the first microfluidic channel.
[0081] By further including the waste channel 11111,
a part of the sample transferred from the sample storage
unit 1150 through the first microfluidic channel 1110 can
flow into the waste channel 1111 to isolate the sample
as much as the volume of the receiving space inside the
waste channel 1111 before the sample reaches the sep-
aration unit 1120. Therefore, the sample of an amount
excluding the internal volume of the waste channel 1111
may be loaded into the sample introduction portion 1123
on the TLC plate. For example, in case the sample having
a content of 5 ml is injected into the sample storage unit
1150, the volume of the waste channel 1111 is designed
to be 4.5 ml so that only 0.5 ml of the derivatized sample
can be adjusted to be loaded onto the TLC plate. This
can prevent a phenomenon that the sample is too exces-
sively loaded on the TLC to perform the separation prop-
erly, thereby causing erroneous results.
[0082] The DNPH-derivatized fluid sample containing
the multiple aldehydes or ketones is injected to the sep-
aration unit 1120 inserted into the middle layer portion
and the lower layer portion of the rotary platform 1200
from the first microfluidic channel 1110 located in the
upper layer portion of the rotary platform 1200, that is, is
injected to a downward direction. Thus, the fluid sample
can be deployed in the separation unit 1120 more uni-
formly.
[0083] Further, referring to FIGS. 4a to 4c, the first part
1140a of the second microfluidic channel 1140 is dis-
posed on the middle layer portion, and the first part 140a
includes a portion connected to the eluent storage unit
1130 and the bent portion 1170. the second part 1140b
of the second microfluidic channel 1140 is disposed over
the upper layer portion and the middle layer portion, and
the second part 140b includes a portion connected to the
separation unit 1120. This arrangement is to allow the
eluent to be introduced to a lower end center of the sep-
aration unit 1120. If the second microfluidic channel 1140
is connected to a side surface of the separation unit 1120
to inject the eluent, the eluent may be deployed as a wave
circle without being deployed as a uniform line on the
separation unit, whereby it is difficult to perform an uni-
form separation of the sample. In the micro device for
detecting the aldehydes or the ketones according to the
present invention, the second part 1140b connected to
the separation unit 1120 of the second microfluidic chan-
nel 1140 is formed on a layer having a different height
from the separation unit 1120 in the rotary platform 1200,
so that the eluent can be injected to the center of the
separation unit 1120 from the width direction of the sep-
aration unit 1120 rather than the side surface of the sep-
aration unit 1120.
[0084] Further, as shown in FIG. 4b, the upper layer
portion includes an inlet 1150a of the sample storage unit
1150 and an inlet 1130a of the eluent storage unit 1130.
As shown in FIGS. 4b and 4c, the inlet 1150a of the sam-

ple storage unit 1150 and the inlet 1130a of the eluent
storage unit 1130 are formed over the upper layer portion
and the middle layer portion. Therefore, when the sample
and the eluent are injected into the inlet 1150a of the
sample storage unit 1150 and the inlet 1130a of the eluent
storage unit 1130 that are provided on the top (that is,
the upper layer portion) of the rotary platform 1200, re-
spectively, each of the sample and the eluent is accom-
modated inside the sample storage unit 1150 and the
eluent storage unit 1130 provided in the middle layer por-
tion.
[0085] Since most of the constitutive elements de-
scribed above with reference to FIGS. 2 and 3 are dis-
posed in the middle layer portion, the overlapping expla-
nation of the constitutive elements described in FIGS. 2
and 3 with respect to the middle layer portion will be omit-
ted.
[0086] Referring to FIGS. 4c and 4d, the rotary platform
1200 is provided with a space that corresponds to the
shape of the TLC plate and can accommodate the shape
of the TLC plate over the middle layer portion and the
lower layer portion, and a space into which the absorption
pad provided at one end of the TLC plate can be accom-
modated. The middle layer portion is opened to allow the
TLC plate to be inserted, and the lower layer portion is
provided with a concave portion that corresponds to the
shape of the TLC plate and into which the TLC plate can
be inserted. The TLC plate may be located over the mid-
dle layer portion and the lower layer portion. In addition,
the eluent introduction portion 1121 is formed such that
one end of the TLC plate can be inserted over the middle
layer portion and the lower layer portion, and the absorp-
tion pad may be provided in the eluent introduction por-
tion 1121. The present invention is not limited to the
above descriptions and can be variously modified and
changed according to the situation under which the
present invention is actually implemented, for example,
by forming the concave portion that corresponds to the
shape of the TLC plate on a bottom surface of the upper
layer portion so that the TLC plate can be inserted into
the portion where the TLC plate is located in the upper
layer portion. Further, a height of the concave portion
can also be variously modified and changed according
to the situation under which the present invention is ac-
tually implemented.
[0087] A material of the upper layer portion, the middle
layer portion and the lower layer portion is preferably
made of a cyclic olefin copolymer (COC) that does not
react with the aldehydes, and may be made of polycar-
bonate (PC) or polymethylmethacrylate (PMMA), and the
like, depending on the sample.
[0088] Meanwhile, an adhesive layer (not shown) may
be provided between the upper layer portion, the middle
layer portion and the lower layer portion, so that the upper
layer portion and the middle layer portion can be bonded,
and the middle layer portion and the lower layer portion
can be bonded. The adhesive layer may be made of, for
example, an acrylic double-sided adhesive tape. The ad-
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hesive layer may be manufactured by cutting the sections
corresponding to the above-described constitutive ele-
ments of each layer portion from a tape or a plate made
of a material which has an adhesive component and cor-
responds to the size of the rotary platform 1200.
[0089] For example, the sections corresponding to the
inlet 1150a of the sample storage unit 1150 and the inlet
1130a of the eluent storage unit 1130 may be cut on the
adhesive layer for bonding the upper layer portion and
the middle layer portion, so that the sample and the eluent
injected through the inlet 1150a of the sample storage
unit 1150 and the inlet 1130a of the eluent storage unit
1130 on the upper layer portion can move to the middle
layer, respectively. In addition, as shown in FIG. 4a, the
sections corresponding to constitutive elements of the
middle layer portion and the lower layer portion may be
cut on the adhesive layer for bonding the middle layer
portion and the lower layer portion.
[0090] As shown in FIG. 5, in the rotary TLC plate of
the present invention, the rotating unit 1000 may further
include a driving portion 1300 providing a rotating force
to the rotary platform, and an encoder 1400 for measuring
one or more values of a rotation angle, number of rota-
tions, and a rotation direction of the driving portion 1300.
[0091] The driving portion 1300 may provide a driving
force that rotates the rotary platform by setting a direction
perpendicular to a surface of the rotary platform as a
direction of the rotational axis. The driving portion 1300
may be an electric motor, specifically, may be one of a
geared motor, a step motor, a servo motor, a brush motor,
and a brushless motor.
[0092] The encoder 1400 may be connected to the ro-
tational axis of the driving portion 1300 or the rotary plat-
form to measure one or more values of the rotation angle,
number of rotations, and the rotation direction of the driv-
ing portion 1300 or the rotary platform. A control unit 3000
receives a measurement value of the encoder 1400 and
can control the feedback of the driving portion 1300.
[0093] The control unit 3000 may include an input por-
tion 3100 that receives the rotation conditions of the ro-
tary platform, and a rotation control portion 3200 that con-
trols the driving portion 1300 based on the measured
values of the encoder 1400 or the rotation conditions in-
put to the input portion 3100.
[0094] The rotation condition may include one or more
of a rotation speed, a rotation direction, a rotation time,
a rotation sequence, and a shake value. The rotation
speed may mean a rotation number per unit time of the
rotary platform by the driving portion 1300. The rotation
direction may be selected from a forward rotation and a
reverse rotation. The rotation time may mean a time for
maintaining a designated rotation speed. The shake val-
ue is to repeatedly perform the forward rotation and the
reverse rotation of the rotary platform in a short time, and
may be set from one or more values of the number of
repetitions, a rotation amplitude, and a rotation period.
The rotation sequence is provided in a plurality of stages,
and every stages are given the rotation speed, the rota-

tion time, the rotation direction, and the shake value. Ac-
cordingly, the rotation sequence may mean performing
the given stages in a given order.
[0095] The rotation control portion 3200 receives the
rotation condition from the input portion 3100 to transmits
a command value as a signal to the driving portion 1300,
and receives the measurement value of the encoder
1400 in real time when the driving portion 1300 is oper-
ated, and controls the feedback of the driving portion
1300.
[0096] In the rotary analysis system of the present in-
vention, if each value of the rotation conditions is input
for pretreatment, reaction, separation, and detection of
a sample through the input portion 3100, the driving por-
tion 1300 is sequentially operated through the control of
the rotation control portion 3200, and the entire process
that finally detects components of the sample can be per-
formed automatically.
[0097] Hereinafter, a method for detecting compo-
nents of the sample using the rotary analysis system of
the present invention will be described in detail.
[0098] The method for detecting the components of
the sample using the rotary analysis system of the
present invention may comprise a derivatization step for
derivatizing the aldehydes or the ketones of the fluid sam-
ple in the sample storage unit 1150, a sample introduction
step for moving the fluid sample from the sample storage
unit 1150 to the sample introduction portion 1123 in the
separation unit 1120, and a deployment step for moving
the eluent from the eluent storage unit 1130 to the eluent
introduction portion 1121 in the separation unit 1120, and
separating and deploying the aldehydes or the ketones
of the fluid sample in the deployment portion 1125 by the
eluent.
[0099] The method for detecting the components of
the sample using the rotary analysis system of the
present invention may further comprise, after the deploy-
ment step, a drying step for drying the eluent of the de-
ployment portion 1125, and a re-deployment step for sep-
arating and deploying the aldehydes or the ketones of
the fluid sample by re-injecting the eluent into the dried
deployment portion 1125.
[0100] In the derivatization step, the rotary platform
1200 may be rotated at 2500 to 5000 RPM for 2 to 20
seconds, and preferably, be rotated at 1000 RPM for 1
second. The sample can closely contacts with 2, 4-
DNPH-coated silica in the form of beads by the rotation
to accelerate the derivatization reaction of the aldehydes
or the ketones with the DNPH. That is, during the rotation,
the sample reacts with 2, 4-DNPH-coated silica in the
form of beads to derivatize the aldehydes or the ketones
with the DNPH. In this case, the sample and the eluent
can be prevented from being moved to the separation
unit 1120 during the derivatization of the aldehydes or
the ketones of the sample by the bent portion 1170
formed in the first microfluidic channel and the second
microfluidic channel.
[0101] In the sample introduction step, the rotary plat-
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form 1200 may be rotated at 2000 to 4000 RPM for 0.5
to 2 seconds. For example, the rotary platform 1200 in
the sample introduction step may rotate at a speed of
3000 RPM for 1 second. The sample can be introduced
into the sample introduction portion 1123 of the separa-
tion unit 1120 by the rotation. Since the second microflu-
idic channel has more bent portions 170 than the first
microfluidic channel during the rotation, the sample is
moved from the sample storage unit 1150 to the sepa-
ration unit 1120, but the eluent can be prevented from
being moved from the eluent storage unit 1130 to the
separation unit 1120.
[0102] In the deployment stage, the rotary platform
1200 may be rotated at 400 to 800 RPM for 200 to 400
seconds, preferably, at 600 RPM for 300 seconds. The
eluent can be moved to the eluent introduction portion
1121 of the separation unit 1120 by the rotation. During
the rotation of the rotary platform 1200, the eluent can
be absorbed primarily to the absorption pad accommo-
dated in the eluent introduction portion 1121, and then
uniformly discharged at a constant speed to the deploy-
ment portion 1125 through the sample introduction por-
tion 1123. The rotation speed in the deployment step can
be controlled to adjust the deployment speed of the eluent
on the TLC plate.
[0103] In the drying step, the rotary platform 1200 may
be rotated at 3000 to 5000 RPM for 5 to 6 minutes, for
example, at 2000 RPM for 300 seconds. An external gas
is introduced into the separation unit 1120 through the
first air circulation channel 1161 or the second air circu-
lation channel 1163 by the rotation, and the gas intro-
duced into the separation unit 1120 is discharged through
the first air circulation channel 1161 or the second air
circulation channel 1163 again so that the eluent of the
TLC plate can be evaporated.
[0104] In the re-deployment step, the rotary platform
1200 may be rotated at 400 to 800 RPM for 200 to 400
seconds, for example, at 600 RPM for 300 seconds. In
the re-deployment step, the absorption pad may dis-
charge the eluent to the deployment portion 1125 again.
The rotation speed in the re-deployment step can be con-
trolled to adjust the deployment speed of the eluent on
the TLC plate.
[0105] The drying step and the re-deployment step
may be repeatedly performed, and a resolution of the
aldehydes or the ketones separated and deployed on the
TLC plate can be enhanced by repeating the drying step
and the re-deployment step.
[0106] Each rotation condition of the derivatization
step, the sample introduction step, the deployment step,
the drying step, and the re-deployment step in the method
for detecting the components of the sample using the
rotary analysis system of the present invention can be
input through the input portion 3100, and the rotation con-
trol portion 3200 may receive the rotation condition and
perform the detection experiment automatically.
[0107] As illustrated in FIG. 6, the shooting unit 2000
includes an illumination portion 2200 for irradiating light

to the rotary platform and a camera portion 2100 for cap-
turing the image in the rotary platform, and the control
unit 3000 may include an input portion 3100 for receiving
a capturing condition of the shooting unit 2000, and a
shooting control portion 3300 for controlling the illumina-
tion portion 2200 or the camera portion 2100 based on
the capturing condition.
[0108] The illumination portion 2200 may be provided
on the top of the rotary platform. The illumination portion
2200 may be one or more selected from a UV lamp and
a white light (visible light) lamp. The band of the light
wavelength emitted from the illumination portion 2200
may be selected depending on a color of the derivative.
When UV light is used as illumination, capturing of most
derivatives is excellent, but since the derivatives con-
tained in the sample may be colored in different colors,
the illumination portion 2200 may be irradiated with mixed
light.
[0109] The illumination portion 2200 irradiates light to
the TLC plate from the top of the rotary platform, so that
the camera portion 2100 can secure an amount of light
for capturing the TLC plate.
[0110] The camera portion 2100 may be provided on
the top of the rotary platform. The camera portion 2100
may include an image sensor and a lens. Light received
by the image sensor through the lens may be produced
as a captured image. The camera portion 2100 may cap-
ture the TLC plate according to the capturing conditions
from the top of the rotary platform. The capturing condi-
tion may include one or more of amplification, exposure,
and capturing area values.
[0111] The amplification may be a value related to a
sensitivity of the image sensor to recognize light entering
through the lens. The exposure may be a value related
to an amount of light received by the camera portion
2100. The capturing area may be to select an area of the
TLC plate to be analyzed. In the rotary analysis system
of the present invention, an experiment is simultaneously
performed with a plurality of TLC plates, and the capturing
area may be to select a TLC plate to be captured among
the plurality of TLC plates.
[0112] The shooting control portion 3300 may receive
the capturing conditions through the input portion 3100
and capture the TLC plate on the rotary platform 1200
according to the capturing conditions.
[0113] As shown in FIG. 7, the analysis unit 4000 may
include an image conversion unit 4100 for converting the
image captured by the shooting unit 2000 to a converted
image and a chromatogram generation unit 4200 for pro-
ducing a chromatogram with the image converted by the
image conversion unit 4100.
[0114] The image conversion unit 4100 may adjust one
or more values of hue, saturation, and brightness of the
captured image to distinguish differences in expression
colors. Specifically, the image conversion unit may con-
vert the captured image into a converted image through
HSV (Hue/Saturation/Value) conversion.
[0115] It is difficult to implement gradients that gradu-

19 20 



EP 3 809 131 A1

12

5

10

15

20

25

30

35

40

45

50

55

ally change colors using RGB, but using this HSV can
easily express shading change and saturation change
by fixing two parameters and moving only one parameter.
That is, it is possible to perform colorimetric analysis of
the image for the section of the TLC plate by the HSV
conversion.
[0116] The chromatogram generation unit 4200 may
calculate one or more values of a type of sample com-
ponents, a content of each component, and a retention
factor value of each component.
[0117] The chromatogram generation unit 4200 may
perform plotting by extracting elements of a specific color
from the converted image, and produce the chromato-
grams through intensity extraction.
[0118] Qualitative and quantitative analysis of certain
components can be performed through a partial integra-
tion process.
[0119] FIG. 8 is photographs showing a TLC plate in
which the aldehydes or the ketones are separated and
deployed after the derivatization step, the sample intro-
duction step, and the deployment step were performed,
and a TLC plate in which the aldehydes or the ketones
are separated and deployed after the drying step and re-
deployment step were performed after the deployment
step. The TLC plate performed up to the derivatization
step, the sample introduction step, and the deployment
step is the middle TLC plate in the photographs of FIG.
4. The TLC plate in which the drying step and the re-
deployment step were further performed after the deploy-
ment step is the right TLC plate in the photographs of
FIG. 8. Comparing the two TLC plates, it can be seen
that the TLC plate in which the drying step and the re-
deployment step were further performed after the deploy-
ment step has better resolution.
[0120] FIG. 9 is a graph showing a rotation speed and
a rotation time of the rotary platform 1200 while the deri-
vatization step, the sample introduction step, the deploy-
ment step, the drying step, and re-deployment step are
performed.
[0121] FIG. 10 is photographs showing the process
that converts a captured image from the analysis unit
4000 into a converted image through HVS conversion,
performs plotting by extracting elements of a certain color
from the converted image, and produces a chromato-
gram through intensity extraction.
[0122] FIGS. 11 and 12 are perspective views showing
an exterior and the inside of the rotary analysis system
of the present invention.
[0123] As shown in FIG. 11, the rotary analysis system
of the present invention may include a housing 50 that
accommodates the rotating unit 1000 and the shooting
unit 2000 therein. A material of the housing may include
polyurethane having excellent shock absorption.
[0124] A side surface of the housing 50 may be pro-
vided with a door 57 that opens and closes to put the
sample or the eluent into the microfluidic structure 1100
inside the housing 50. An outer wall of the housing 50
may be provided with a display 51 for visualizing and

outputting operating information, experimental result in-
formation, and the like of the rotary analysis system of
the present invention, and a button 53 for operating the
rotary analysis system of the present invention. A handle
may be provided at an upper end of the housing 50 to
facilitate carrying the device.
[0125] A size of the housing 50 may be 20 cm to 60
cm in width, 20 cm to 60 cm in length, and 30 cm to 90
cm in height. For example, the housing 50 may be made
of 40 cm wide, 40 cm length, and 60 cm height. The
standard may be made considering a size of the rotary
platform 1200 provided inside the housing 50 and a con-
venience of portability.
[0126] As shown in FIG. 12, the shooting unit 2000 and
the rotating unit 1000 may be provided inside the housing
50. The shooting unit 2000 may be disposed on the top
of the rotating unit 1000 in the housing 50. That is, the
shooting unit 2000 may be disposed opposite to an upper
surface of the rotary platform 1200 so that the upper sur-
face of the rotary platform 1200 can be captured. The
driving portion 1300 is provided beneath the rotary plat-
form 1200, and the driving portion 1300 may transfer a
rotational power to the rotary platform 1200 beneath the
rotary platform 1200.
[0127] As such, the qualitative analysis of a plurality of
aldehydes or ketones such as acetaldehyde, acetone,
acrolein, benzaldehyde, butyraldehyde, formaldehyde,
or propionaldehyde can be performed within few minutes
using the rotary analysis system according to the present
invention. Since the seven types of aldehydes or ketones
contained in the fluid sample have different degrees of
deployment on the separation unit 1120, respectively,
the seven types of aldehydes or ketones separated and
deployed on the separation unit 1120 can be detected,
respectively, by irradiating the UV lamp to the separation
unit 1120.
[0128] According to the present invention, the deriva-
tization of the aldehydes or the ketones with the DNPH
and the deployment process on the separation unit 1120
are attained through the control of the centrifugal force
and the capillary force by controlling rotation of the rotary
platform 1200 on which the microfluidic structure 1100
is disposed.
[0129] Further, the rotary analysis system according
to an embodiment of the present invention makes pos-
sible that multiple aldehydes or ketones are separated
and detected economically and quickly, and is econom-
ical and can shorten the time required for analysis, com-
pared to the conventional expensive HPLC analysis
equipment. Further, the rotary analysis system can be
quickly and conveniently applied in the field where sep-
aration and detection of the multiple aldehydes or ke-
tones are required. Moreover, when a plurality of samples
are present and these samples contain aldehydes or ke-
tones having different compositions, respectively, the
plurality of samples can be analyzed in one apparatus at
the same time.
[0130] It will be understood by those skilled in the art
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to which the present invention pertains that the above-
described technical constitutions of the present invention
can be implemented in other specific forms without
changing the technical idea or essential features of the
present invention. Therefore, it should be understood that
the embodiments described above are illustrative in all
respects and not restrictive. Moreover, the scope of the
invention is indicated by the claims below, rather than
the detailed description above. In addition, all modifica-
tions or variations derived from the meaning and scope
of the claims and their equivalent concepts should be
construed as being included in the scope of the present
invention.

INDUSTRIAL APPLICABILITY

[0131] According to the present invention, it is possible
to provide a compact rotary analysis system that can be
conveniently applied in the field while being capable of
separating and detecting color-based aldehydes or ke-
tones economically and inexpensively, compared to the
expensive HPLC which is the conventional equipment
for analyzing the aldehydes or the ketones.
[0132] In particular, the analysis system of the present
invention can automate the entire process consisting of
movement, chemical reaction and separation of a micro-
fluid by mounting a TLC plate on a rotary platform and
then controlling rotation of the rotary platform through a
control unit.
[0133] Further, according to the analysis system of the
present invention, all of the rotation steps can be pro-
grammed, and a mixing effect of the fluid can be en-
hanced by controlling a rotational direction of the rotary
platform.
[0134] Further, according to the analysis system of the
present invention, both organic and inorganic materials
can be analyzed by modifying a microfluidic structure pro-
vided on the rotary platform, and all the processes con-
sisting of pretreatment, reaction, separation and detec-
tion of the sample can be carried out sequentially.
[0135] Further, after all the experimental processes
performed in the rotary analysis system of the present
invention are terminated, an image-based analysis may
be performed with a captured image by capturing the
TLC plate of the rotary platform through a camera portion.
A HSV algorithm transformation enables colorimetric
analysis of images for sections of the TLC plate on the
rotary platform. A plotting may be performed by extracting
an element of a specific color, and qualitative and quan-
titative analysis of specific components may be per-
formed through a partial integration process.
[0136] Further, in the device for detecting the alde-
hydes or the ketones according to the present invention,
when a eluent is deployed on the TLC, a capillary force
as well as a centrifugal force acts as a propulsive force
of the eluent, so that a solvent can be deployed on the
TLC uniformly.
[0137] Further, in the device for detecting the alde-

hydes or the ketones according to the present invention,
a derivatization reaction process for converting the alde-
hydes or the ketones into the form that can be analyzed
on the TLC, and a separation process for separating the
derivatized compound on the TLC can be performed in
one device integrally. That is, the device for detecting the
aldehydes or the ketones according to the present inven-
tion may be the rotary micro device that can integrate the
derivatization of the aldehydes or the ketones and the
TLC separation.
[0138] Further, a plurality of microfluidic structures pro-
vided in the analysis system of the present invention in-
clude a sample storage unit capable of derivatizing the
aldehyde or ketone samples and a separation unit, re-
spectively, so that the derivatization and the separation
of the aldehydes or the ketones can be performed inte-
grally, and derivative materials of the aldehydes or the
ketones separated from the separation unit can be qual-
itatively or quantitatively analyzed through an image
analysis.
[0139] Further, the present invention has an advan-
tage that a plurality of samples containing the aldehydes
or the ketones can be separated and detected simply
and quickly at the same time.
[0140] Further, in the analysis system of the present
invention, the eluent can be moved at a constant speed
as the eluent is first absorbed to a absorption pad pro-
vided in the separation unit and then discharged. That
is, the absorption pad provided in the separation unit can
allow the sample to be stably separated in the separation
unit by preventing diffusion due to the wettability of the
eluent, which is caused when the eluent is injected into
the separation unit in the moving phase by a rotating
force, and by moving the eluent at a constant speed.
[0141] Further, the analysis system of the present in-
vention can control a moving speed of the solvent onto
the TCL by adjusting a strength of the rotating force, and
can improve a resolution of the TLC by drying the solvent
remaining on the TLC by rotation after the sample is sep-
arated once and repeating inflow of the eluent and the
TLC separation by applying the rotating force again.

Claims

1. A rotary analysis system comprising:

a rotating unit including a rotary platform, and
having a TLC plate on which movement of a fluid
sample and an eluent is controlled on the rotary
platform by rotational motion of the rotary plat-
form and aldehydes or ketones of the sample
are separated and deployed with the eluent;
a shooting unit for capturing an image of com-
ponents of the sample separated in the rotating
unit;
a control unit for controlling rotation condition of
the rotating unit and capturing condition of the
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shooting unit; and
an analysis unit for analyzing the image cap-
tured by the shooting unit.

2. The rotary analysis system according to claim 1,
wherein the rotating unit comprises the rotary plat-
form of a disk shape; and a microfluidic structure
disposed on the rotary platform,
wherein the microfluidic structure includes:

a sample storage unit into which the fluid sample
containing the aldehydes or the ketones is in-
jected to derivatize the aldehydes or the ke-
tones;
an eluent storage unit into which the eluent is
injected;
a separation unit having the TLC plate that re-
ceives the sample and the eluent from the sam-
ple storage unit and the eluent storage unit, and
separates and deploys the aldehydes or the ke-
tones of the sample with the eluent;
a first microfluidic channel (siphon channel) that
is a passage through which the sample moves
to the separation unit, and connects the sample
storage unit and the separation unit,
a second microfluidic channel that is a passage
through which the eluent moves to the separa-
tion unit, and connects the eluent storage unit
and the separation unit, and
an absorption pad that receives the eluent from
the eluent storage unit and discharges it to the
TLC plate.

3. The rotary analysis system according to claim 2,
wherein the separation unit includes:

a sample introduction portion for receiving the
sample from the sample storage unit;
an eluent introduction portion for receiving the
eluent from the eluent storage unit; and
a deployment portion in which the aldehydes or
the ketones of the sample are separated and
deployed with the eluent, and
wherein the absorption pad is provided in the
eluent introduction portion.

4. The rotary analysis system according to claim 3,
wherein the center of rotation of the rotary platform
is the center of the rotary platform,
wherein a longitudinal direction of the separation unit
is a radial direction of the rotary platform, and
wherein the deployment portion, the sample intro-
duction portion, and the eluent introduction portion
are disposed in the order of the deployment portion,
the sample introduction portion, and the eluent intro-
duction portion from the longitudinal direction of the
separation unit.

5. The rotary analysis system according to claim 4,
wherein the rotary platform rotates in a direction per-
pendicular to a surface of the rotary platform as a
direction of the rotational axis,
wherein the TLC plate on which the eluent is de-
ployed by a capillary force is disposed across the
deployment portion and the eluent introduction por-
tion in the separation unit such that a longitudinal
direction of the TLC plate becomes a direction of a
centrifugal force generated by rotation,
wherein the eluent is discharged from the eluent in-
troduction portion to the deployment portion, and is
propelled in the deployment portion by a combined
force of the capillary force and the centrifugal force.

6. The rotary analysis system according to claim 2,
wherein the aldehydes or the ketones contained in
the sample include at least one selected from the
group consisting of acetaldehyde, acetone, acrolein,
benzaldehyde, butyraldehyde, formaldehyde, and
propionaldehyde.

7. The rotary analysis system according to claim 2,
wherein the inside of the sample storage unit is filled
with 2,4-dinitrophenylhydrazine-coated silica (2, 4-
DNPH-coated silica) in the form of beads.

8. The rotary analysis system according to claim 2,
wherein the microfluidic structure is provided in plu-
rality, and the plurality of microfluidic structures are
capable of accommodating different fluid samples
from each other, respectively, and are disposed ra-
dially symmetrically on the rotary platform.

9. The rotary analysis system according to claim 2,
wherein the first microfluidic channel and the second
microfluidic channel include a bent portion, respec-
tively, and
the number of the bent portions of the second micro-
fluidic channel is more than the number of bent por-
tions of the first microfluidic channel.

10. The rotary analysis system according to claim 2,
wherein the microfluidic structure further includes a
waste channel for isolating a part of the sample mov-
ing from the sample storage unit to the separation
unit, and
wherein the waste channel is a channel branched
from the first microfluidic channel.

11. The rotary analysis system according to claim 2,
wherein the rotating unit includes a driving portion
for providing a rotating force to the rotary platform
and an encoder for measuring one or more values
of a rotation angle, a number of rotations, and a ro-
tation direction of the driving portion, and
wherein the control unit includes an input portion for
receiving a condition value of rotation and a rotation
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control portion for controlling the driving portion
based on the measured value of the encoder or the
condition value of rotation input to the input portion.

12. The rotary analysis system according to claim 11,
wherein the condition value of rotation includes one
or more values of rotation speed, rotation direction,
rotation time, rotation sequence, and shake value.

13. The rotary analysis system according to claim 2,
wherein the shooting unit includes an illumination
portion for irradiating light to the rotary platform and
a camera portion for capturing the image in the rotary
platform, and
wherein the control unit includes an input portion for
inputting a capturing condition of the shooting unit
and a shooting control portion for controlling the il-
lumination portion or the camera portion based on
the capturing condition.

14. The rotary analysis system according to claim 13,
wherein the capturing condition includes one or more
of amplification, exposure, and capturing area val-
ues.

15. The rotary analysis system according to claim 2,
wherein the analysis unit includes an image conver-
sion unit for converting the image captured by the
shooting unit to a converted image and a chromato-
gram generation unit for generating a chromatogram
from the image converted by the image conversion
unit.

16. The rotary analysis system according to claim 15,
wherein the image conversion unit adjusts one or
more of hue, saturation, and brightness of the cap-
tured image in order to differentiate differences in an
expression color.

17. The rotary analysis system according to claim 16,
wherein the image conversion unit converts the cap-
tured image into the converted image through HSV
(Hue/Saturation/Value) conversion.

18. The rotary analysis system according to claim 15,
wherein the image conversion unit converts the cap-
tured image into the converted image through RGB
(Red-Green-Blue) conversion.

19. The rotary analysis system according to claim 15,
wherein the chromatogram generation unit calcu-
lates one or more of a type of sample components,
a content of each component, and a retention factor
value of each component.

20. The rotary analysis system according to claim 1,
further comprising a housing for accommodating the
rotating unit and the shooting unit therein,

wherein a material of the housing includes poly-
urethane.

21. The rotary analysis system according to claim 20,
wherein the housing has a width of 20 cm to 60 cm,
a length of 20 cm to 60 cm, and a height of 30 cm to
90 cm.
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